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Abstract 
Composite materials are of high demand due to their superior strength and stiffness, metal 
matrix composites (MMCs) are used for applications in the automotive and aerospace 
industries. The preparation/fabrication of the composite materials depend on the application 
of the MMCs. Among the available processing techniques, an economical way of producing 
metal matrix composite is the casting or liquid processing technique which involves 
incorporation of the particles into the liquid metal. Researchers have found that the casting 
process yields composite materials with good mechanical and wear resistance properties. 
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INTRODUCTION 
Among many types of composites, metal 
matrix composites (MMCs) are the most 
popular types which are reinforced with 
ceramic particles since they cost less but 
provide favorable properties with 
differences in the densities. These 
properties include high specific 
strength/stiffness, wear and corrosion 
resistance and fatigue resistance. 
 
Constituents of MMCs 
The major constituents of MMC are the 
matrix and the reinforcements. The 
interface between the matrix and the 
reinforcement is also called as one of the 
constituent as it plays a crucial role in 
determining the properties of the 
composite materials [1]. 
 
Matrix: The matrix is the continuous 
phase; It helps in  
 Binding and keeping the 
reinforcements in position and 
orientation, 
 Transferring the load to and between 
the reinforcement, 
 Protecting reinforcement from the 
environment and handling. Further, the 
matrix determines the overall service 
temperature limitations of composites 
as well as their resistance to 
environments during composites 
production and product service.  
 
Among the available matrix materials, 
aluminum and its alloy are widely used for 
the fabrication of MMC due to the fact 
that they are light in weight, amenable for 
the production by various processing 
techniques with high specific strength [2]. 
 
Reinforcements: The reinforcements are 
the second phase materials added to the 
matrix alloys, which normally enhance 
strength, stiffness, wear and creep 
resistances of the composites. The choice 
of reinforcement always depends on the 
final property requirements of the 
composite material or component to be 
fabricated. Certain ceramic materials 
normally impart some special properties to 
composites such as enhanced wear 
resistance and reduced density at the 
expense of strength. Refractory materials, 
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different elements are used as the 
reinforcements. At present, there are a 
wide range of reinforcement materials, 
which can provide varying combinations 
of properties to the composites. 
 
Interface: Interface is the region that lies 
between the matrix and reinforcement. It 
may contain a simple row of atomic bonds 
or reaction products between the matrix 
and the reinforcement. 
 
Based on the application of the MMCs, the 
processing techniques are selected which 
includes solid state processing (Powder 
blending, Diffusion bonding, Vapor 
deposition) or liquid state processing (Stir 
casting). Among available techniques of 
composite processing or fabricating, Stir 
Casting process is found to be more 
economical technique which involves 
incorporation of ceramic particulate into 
liquid melt and allowing the mixture to 
solidify.  
 
Here, the crucial thing is to create good 
wetting between the particulate 
reinforcement and the liquid alloy melt. 
Microstructural in homogeneities can 
cause notably particle agglomeration 
and sedimentation in the melt and 
subsequently during solidification. 
Generally it is possible to incorporate 
up to 30% ceramic particles in the size 
range 5 to 100 μm in a variety of molten 
alloys (Fig. 1). 
 
 
Figure 1: Schematic representation of stir casting process. 
 
LITERATURE REVIEW 
Various research have been carried out 
based on the processing of the composite 
materials by stir casting process, among 
which few of the selected literatures are 
listed below: 
Pradeep K Rohatgi [3], have studied on the 
world- wide upsurge in metal-matrix 
composite research and development 
activities with particular emphasis on cast 
metal-matrix particulate composites.  
Hamouda et al. [4], have studied on 
fabrication of Al6063–SiC particulate 
metal matrix composites prepared by 
liquid metallurgy route (stir casting 
technique). The amount of reinforcement 
is varied from 0 to 9 wt. %. The SiC 
particulates were dispersed into the 
Al6063 alloy.  
 
The Brinell hardness of the composite was 
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content in the composite. The tensile 
strength of the composites was also found 
to increase confirming the enhancement of 
the mechanical properties. 
 
D Ramesh et al. [5], have studied on Effect 
of weight percentage on mechanical 
properties of particulate reinforced Al6061 
composite fabricated by liquid metallurgy 
(stir cast) method. The cast ingots were 
subjected to T6 heat treatment to optimize 
the properties. Significant improvement in 
tensile properties, compressive strength 
and hardness are noticeable as the wt % of 
the particles increases. 
 
Zhou et al. [6], have studied on the 
fabrication of Composites based on two 
aluminium alloys (A536 and 6061) 
reinforced with 10% or 20% volume 
fraction of SiC particles produced by stir 
casting. SiC particles were observed to act 
as substrates for heterogeneous nucleation 
of Si crystals in one of the composites 
produced (Al-10%SiC). The interfaces 
between SiC particles and matrix were 
studied and interface reaction has led to 
improvement in the properties of the 
composite materials. 
 
Manoj Singla et al. [7], have studied on 
development of aluminium based silicon 
carbide particulate MMCs with an 
objective to develop a conventional low 
cost method of producing MMCs and to 
obtain homogenous dispersion of ceramic 
material. The results of study suggest that 
with increase in composition of SiC, an 
increase in hardness, impact strength and 
normalized displacement have been 
observed and homogenous dispersion of 
reinforcement particles. 
 
From the literature review it has been 
observed that in primary processing of 
composites, there are some defects like 
porosity, blowholes, and shrinkage cracks 
are normally present. Major factors to be 
considered during stir casting are: 
 Difficulty of achieving uniform 
distribution of the reinforcement 
materials. 
 Wettability between the two main 
substances. 
 Porosity in cast metal matrix 
composites 
 Chemical reaction between the 




Review of literature indicates that the 
composites materials can be economically 
processed by stir casting technique with 
proper selection of matrix material and the 
reinforcement materials. However, the 
main weakness of these processing 
techniques is the formation of porosity and 
blowholes which reduce the performance 
or reduce the properties of the composite 
materials. The level of these defects in the 
structure can be minimized by secondary 
process techniques like rolling, forging, or 
extrusion. These secondary processes can 
also results in the grain refinement of the 
structure thereby improving the strength 
parameter. 
 
OBJECTIVES OF THE PRESENT 
STUDY 
Based on the literature review carried out, 
the main objective of the present study is 
to develop a good casting component with 
minimum defects present in the processed 
composite material. Objectives of the 
present study include: 
 CAD Model development of the 
equipment. 
 Manufacture of the equipment. 
 Optimization of the stir casting process 
to minimize the defects or the porosity. 
 Trial run of the process to evaluate 
proper functioning of the furnace with 
good cast materials. 
 
EXPERIMENTAL WORK 
The details of the electrical resistance stir 
casting furnaces is discussed in the 
following section, Fig. 2 shows the 
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Figure 2: Schematic of stir casting furnace. 
 
Fig. 3 indicates the furnace chamber 
consisting of graphite crucible, encircled 
by the electrical coil for supplying the heat 
energy required to melt the alloy material.
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Figure 4: Refractory bricks.              Figure 5: Graphite crucible. 
 
 
Figure 6: Bricks placed inside the furnace, furnace chamber and elements. 
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The crucible is covered by the fire bricks 
to reduce the loss of heat energy and to 
maintain the heat within the furnace. The 
whole setup is covered by steel casing to 
give rigid structure to the furnace. Fig. 7 
shows the CAD model of the furnace 
which is designed in the CAD software at 
the design stage. 
 
CONCLUSIONS 
The following conclusions are drawn from 
the literature review carried out: 
 Stir casting is found to be the 
economical technique to fabricate 
MMCs. 
 Properties of the composites materials 
are mainly depended on the matrix 
material, reinforcement material, 
weight percentage of reinforcement, 
shape of the reinforcement particle, 
size of reinforcement particle and the 
processing temperature. 
 Preheating of the reinforcement 
particles helps in improving the 
interface reaction of the matrix and 
reinforcement materials which leads to 
improved properties. 
 Up to 30% by weight can be 
successfully reinforced in to the matrix 
material, where as further increase in 
the reinforcement percentage leads to 
formation of agglomerates. 
 Addition of magnesium into the molten 
metal will help in improving the 
wettability of the reinforcement 
materials with the matrix material. 
 Use of two step mixing of 
reinforcement particles, i.e., 
incorporation of reinforcement 
particles in to the matrix in two steps 
which includes addition of partial 
reinforcement in to the matrix followed 
by stirring and again addition of the 
remaining reinforcement material 
followed by stirring helps in obtaining 
good casting products. 
 Use of hard ceramic reinforcement 
materials aids in improving the 
mechanical and wear resistance 
properties of the materials. 
 Use of secondary processing 
techniques to minimize the defects 
obtained in the primary processed or 
cast material. 
 Secondary processing helps in 
breaking up of the agglomerates, 
followed by uniform distribution of the 
reinforcement materials. 
 The Secondary processed materials 
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